INTRODUCTION
The second generation ethanol production from lignocellulosic biomass required extensive pretreatment and saccharification (1) . Therefore, in Europe and United States ethanol is mostly produced from sucrose-containing feedstocks (e.g. sugar cane, sugar beet, sweet sorghum and fruits) or starchy materials (e.g. corn, milo, wheat, rice, potatoes, cassava, sweet potatoes and barley) (2) . An additional carbon resource like fructan can be produced from non-grain crop plants such as Jerusalem artichoke (JA) (Helianthus tuberosus L.).
JA can grow well in non-fertile land and is resistant to plant diseases, not competing with grain crops for arable land (3) . Unlike most crops that store carbon as starch, a polymer of glucose, in the JA carbon is stored as inulin, a polymer of around 30 fructose units with one glucose unit at the end of the molecul. In addition, the carbohydrate content is high (86.4-83.1%) in JA's tuber (4) . When JA is used for ethanol production by conventional yeast, it is first converted to fermentable sugars by enzyme hydrolysis or inorganic acids (5) .
Acid hydrolysis has a number of important advantages including a fast reaction rate, a simple pretreatment for inulin feedstock, a cheap and easily available acid catalyst, and a relatively low reaction temperature with high acid concentration (6) . The available literature provides little information about the kinetics and efficiency of acid hydrolysis of JA tubers and slice into sugar and about the by-product inhibiting the yeast growth. The acidic pretreatment strategies are also known for the irreversible production of inhibitors, for example HMP (5-hydroxymethylfurfural) and 2-furfuralaldehyde, that are categorized as furan type inhibitors (7). HMP and 2-furfural aldehyde are also known to inhibit glycoltic enzymes. At high concentrations, these inhibitors can affect the fermenting organism via changing the pH of the cytosol of the microorganism (8). Fleming and Groot Wassink (9) compared various acids (hydrochloric, sulfuric, citric and phosphoric) and strong cation exchange resin for their effectiveness on inulin hydrolysis. Some other authors reported that between pH 1 and 2 the extent of dehydration of fructose varied linearly with time and pH, but was minimal at pH 2 (10). Kim and Hamdy (11) concluded that JA slurry should be hydrolyzed in 0.1 M HCl at 97 o C and then subjected to alcohol fermentation. Fructan in JA can be easily extracted, then hydrolyzed to fructose by acid, which is also the first step in dimethylfuran production (12) .
The purpose of this work is to systematically examine the influence of the acid hydrolysis parameters on the severity and the hydrolytic JA conversion, as a source of inulin, to fermentable sugars under different experimental conditions. The effect and interactions of the major hydrolytic parameters as pH, temperature, and hold time are investigated quantitatively with respect to the maximum reducing sugar measured as fructose equivalent (FE) and minimal 5-HMP formation. The acid degradability of JA inulin was studied by thin layer chromatography (TLC). In addition, the feasibility of ethanol production from the hydrolyzates under batch fermentation by Saccharomyces cerevisiae was also studied. 
EXPERIMENTAL

Raw material, preparation and chemicals
JA, variety Violet de Rennes, harvested in 2011, provided by the Institute for Crops and Vegetables, Novi Sad (Vojvodina, Serbia), was used as raw material. The entire JA tubers were washed and sliced (3 mm thick) before use. The 5-HMF was obtained from Merck (Darmstadt, Germany). HCl was obtained from Pliva-Lachema (Czech Republic) and NaOH from Zorka (Šabac, Serbia).
Acid hydrolysis
The acid hydrolysis was performed in 0.5 l flasks, mixing the slices with water (hydromodule 1:1) and acid solution of HCl was poured into the flask. The total volume of mixture was 200 ml at the three pH values, viz. pH 2.5, pH 3 and pH 3.5. Then, the mixture was heated in the autoclave under various regimes of temperature 120 o C, 130
o C, and 134 o C at the hold times of 30 and 60 min. The hydrolyzates were cooled rapidly in ice slush for 5 min, neutralized with 1 M NaOH up to pH 7, and then quantitatively assayed for reducing sugars (as fructose equivalent-FE) and HMF. The level of reducing sugar in the fresh JA tuber prior to acid hydrolysis was also determined.
Ethanol fermentation
The hydrolyzates were poured into an Erlenmayer flask (0.5 l), and the yeast inoculum (2.5 % w/w) was added. The flask was then fixed on a rotary shaker (100 rpm) and placed in a thermostated cabinet at 30 o C. During the fermentation (72 h), the consumption of the substrate was recorded, as well as the formation of ethanol.
Analytical methods
Reducing sugars in the fresh JA slices as well as those liberated during the acid hydrolysis were determined by 3,5-dinitrosalicylic acid (13) and the data herein are reported as fructose equivalent (FE). The FE (%) was calculated as the ratio of reducing sugar of sample measured as fructose mass (g) per sample dry mass weight (g), and multiplied by 100. The fructose and glucose contents were determined by HPLC (Jasco, pump PU-980, detector RI-930, sampler AS-950, 20 μL injector loop, column Sugar KS-801, eluent: water at a flow rate of 0.6 ml/min and elution time 30 min). The dry mass was determined by the standard drying method in an oven at 105 o C to constant mass. Protein content was estimated as the total nitrogen by the Kjeldahl method multiplied by 6.25, and the ash content was determined by slow combustion of the sample at 650 o C (AOAC method 920.53, 2000) (14) . The ethanol concentration was determined on the basis of the density of alcohol distillate at 20 o C and expressed in weight % (w/w) (AOAC method 942.06, 2000) (14) . The 5-HMF concentration s measured at 285 nm using the HPLC method (15) . 
Thin layer chromatography
For the preparation of the thin layer, kieselguhr G (Merck, Germany) was used. The kieselguhr (20 g) was suspended in 40 ml of distilled water and the suspension was coated onto the glass plates (20x 20 cm) with the Desega equipment. The thin layers were dried in air at laboratory temperature and used for chromatography. The mixture of sugar (glucose, sucrose. fructose, galactose, maltose, arabinose, xylose, mannose, raffinose) were examined. Solutions of each sugar in water (0.1% w/v) were prepared, and 0.1 μl of each sugar solution and mixtures were applied to the chromatoplate with a micropipette. The chromatograms were developed in a glass chamber containing 50 ml of solvent mixture, by one-dimensional ascending procedure. The layer with the applied analytes were developed with a butanol-aceton-phosphate buffer (40:50:10) as mobile phase at laboratory temperature. The developed and dried chromatograms were sprayed with a mixture of 4% diphenylamine in 96% ethanol, 4% aniline in 96% ethano and 85% phosphorous acid (5:5:1) and heated in an oven for 10 min at 105 o C.
Statistical analysis
The data were obtained from experiments conducted in triplicate, and were analyzed for statistical significance by one-way analysis of variance (ANOVA). A 5% probability level (p=0.05) was used to accept or reject the null hypothesis. All statistical analyses were performed with the software Microsoft Office Excel 2003 for Windows.
RESULTS AND DISCUSSION
The obtained results for the content of the main components of JA (Table 1. ) are in accordance with the typical composition of JA. The data on reducing sugar, measured as fructose equivalent (FE) and HMP, formed during acid hydrolysis of JA at different pH values (pH 2.5, pH 3 and pH 3. The results show that the highest value of FE was achieved at pH 2.5 at all temperatures tested and at both hold time. At a pH of 2.5, temperature of 120 o C, and the hold time 60 min, the obtained FE was 68% (w /w), whereas, a maximum FE of 77 % (w/w) was obtained at 132 o C, in the same conditions of hydrolysis. The presented results show that the increase in the temperature and the decrease in the pH, resulted in higher FE values, and a higher content of HMP was obtained at both reaction time. In our experiments, the range of the HMP at the pH 2.5 and 60 min was from 0.18 g/L (t 120 o C) to 1.2 g/L (t 134 o C), which was lower than the concentration which is considered to inhibit fermentation (16) . Taking into consideration the efficiency of JA hydrolisis, expressed as FE and HMP, as well as the energy saving, it can be concluded that the optimal conditions for JA acid hydrolisis are as follows: the pH 2.5, temperature 120 o C, and the reaction time of 60 min. Also, the results confirmed that HCl is an efficient medium for the degradation of JA polysaccharides.
Several methods have been proposed for the analysis of fructooligosaccharides (17) . In order to study the acid degradability of JA inulin we performed TLC and the results are shown in Fig. 2 . After 60 min of the hydrolysis at pH 2.5 and temperature 120 o C JA inulin was completely degraded. The results indicate that artichoke inulin could be used as a source of fructose and oligofructose by addition of acid by controlling the time of degradation. The kinetics of the fermentation is presented in Fig. 3 and Fig. 4 . concentration increased with longer fermentation periods in all examined samples, regardless pH value and duration of acid hydrolysis. The shortest fermentation period of 50 h was achieved when applying the hydrolyzate obtained at the pH 2.5 and the hold time of 60 min. Shorter fermentation periods of the hydrolyzates were obtained at pH 2.5 during 60 min at the hydromodule 1:1, as well as the maximum ethanol concentration of 7.52% (w/w) are optimal for the fermentation of JA hydrolyzates in order to achieve economical production of ethanol. Although yeast inhibitors can be formed during the hydrolysis at low pH, S. cerevisiae strains are able to reduce the furaldehydes HMF and furfural to their corresponding alcohols, which are less inhibitory (18) . Therefore, the fermentation process continues without negative consequences. The time course of the reducing sugar uptake is shown in Fig 4. The concentration of reducing sugar significantly decreased during the fermentation, coinciding with an increase in ethanol production. At the end of the fermentation, minor quantities of reducing sugars remained, depending on the conditions applied during the preparation of hydrolyzates used as the substrate for ethanol production. The highest ethanol concentration was attained during the fermentation of hydrolyzates obtained at 120 o C, pH 2.5 and the hold time of 60 min. Also, the highest yield of the product per substrate (Y P/S ) and volumetric productivities of ethanol (P) were achieved under the same conditions. The kinetic fermentation parameters for the hydrolyzates obtained at higher pH values declined with increasing the pH of the hydrolysis. Taking into account the fermentation parameters, we suggest the utilization of the hydrolyzates obtained at 120 o C, pH 2.5 and hold time of 60 min, as the substrate for ethanol fermentation because a productivity as high as 1.49 g/Lh was achieved, which corresponds to 93.89 % of the theoretical yield for ethanol.
CONCLUSION
In order to use JA as a substrate for ethanol production, optimum conditions for the acid hydrolysis of the JA were investigate. The optimum conditions of JA hydrolysis are: the temperature 120 o C, the pH 2.5, and the hold time 60 min. In these conditions, the FE achieved was 68%. This was confirmed by TLC method. In our experiments, the range of the HMP at the pH 2.5 and 60 min was from 0.18 g/L (126 o C) to 1.2 g/L (134 o C), which was lower than the concentration which is considered to inhibit fermentation. When the ethanol fermentation of the hydrolyzates was performed at the optimal conditions the product was the 7.52% (w/w) ethanol, corresponding to 93.89 % of the theoretical yield. Топинамбур (Jerusalem artichoke, ЈА) је слабо захтевна пољопривредна култура, која није део ланца исхране али је веома богат извор угљеника са перспективном применом у ферментационој индустрији. Микробиолошка конверзија обновљивих сировина у корисне продукте, као што је биоетанол, је основни циљ индустријске биотехнологије. У овом раду, је испитивана производња биоетанола из хидролизата JA добијених при различитим температурама (120 o C, 130 o C, 132 o C и 134 o C), pH вредностима (pH 2,5, pH 3,0 и pH 3,5) и различитом трајању хидролизе, алкохолном ферментацијом помоћу Saccharomyces cerevisiae. Ефикасна разградња JА помоћу HCl под одговарајућим експерименталим условима је потврђена танкослојном хро-матографијом. Алкохолном ферментацијом хидролизата добијеног при pH 2,5 ост-варена је највиша концентрација етанола од 7,52% (w/w), што одговара 93,89 % теоријског приноса.
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